Abstract. Nuclear effective interactions are considered as a vital tool to guide into the region of the high degree of isospin asymmetry and density. We take varieties of parameter sets of RMF model to show the parametric dependence of the hyperon star properties. We add φ 0 -meson to σ-ω-ρ model. The effects of φ 0 -meson on the equation of state and consequently on the maximum mass of the hyperon star are discussed. Due to the inclusion of φ 0 -meson the threshold density of different hyperon production shift to higher density region. The effects of the hyperon-meson coupling constants on the maximum mass and radius of the hyperon stars are discussed.
INTRODUCTION
Nature of the nuclear force under extreme conditions of isospin asymmetry and baryon density can be understood from the study of the neutron star properties [1, 2, 3] . Up-gradation of recent experimental techniques can only create the nuclear matter up to a few times of nuclear saturation density [2] . Due the lack of experimental facilities to probe into the high-density environment, a neutron star is considered as a solo natural laboratory, which can provide some information about the nature of the nuclear force under high density. The global properties of a neutron star carry the information about the nature of equation of state, in other words, the nature of the nuclear interaction. Since the last few decades, the limit on the maximum mass of the neutron star remains a hot topic for both the nuclear and astrophysicists. Theory of general relativity constraints the maximum mass of a neutron star is about 3M ⊙ [4] , while the lowest observed neutron star mass is approximately 1.1M ⊙ [5, 6] . A neutron star is considered as the densest object of the visible universe having central density 5-10 times the saturation density [2, 1] . This high-density creates ambiguity about the internal composition of the neutron star. The internal structure of a neutron star is not composed of only nucleons (proton and neutron ) and lepton, as we consider in a simple model. From a simple energetic point of view, we can argue that at a high density when the Fermi energy of the nucleon crosses the rest mass of the hyperon, there is a possibility of conversion of nucleon to hyperon. Usually, the hyperons are produced at 2-3 times the saturation density and a neutron star contains 15-20% of the hyperon inside the core [7] . But the production of the hyperons reduce the maximum mass of a neutron star [10] and many calculations can not reproduce the recent observation of neutron star mass about 2M ⊙ [3, 8, 9] . This problem is quoted as hyperon puzzle [10] . Primarily, there are three ways to solve this problem : (a) repulsive hyperon-hyperon interaction through the exchange of vector meson [11, 12, 13] (b) addition of repulsive hyperonic three body force [14, 15] (c) possibility of phase transition to deconfinment quark matter [16, 17] . Still, hyperon puzzle is an open problem, which can be solved by knowing hyperon-hyperon interaction in detail. The hyperon-hyperon interaction strength plays a major role in deciding the maximum mass and other properties of a hyperon star. So it is necessary to have a proper investigation for the effects of hyperon-hyperon interaction strength on the various properties. In present contribution, I study the effects of the φ 0 -meson on the EOS and mass-radius profile of the hyperon star with various parameter sets of the relativistic mean field (RMF) model. These parameters sets are G1 [18] , G2 [18] , IFSU [19] , IFSU* [19] , FSU [20] , FSU2 [21] , TM1 [22] , TM2 [22] , PK1 [23] , NL3 [24] , NL3* [25] , NL3-II [24] , NL1 [26] , NL-RA1 [27] , SINPA [29] , SINPB [29] , GM1 [30] , GL97 [31] , GL85 [7] , L1 [32] , L3 [28] , and HS [33] . Prespective of the taking so many parameter sets is to show the predictive capacity of RMF model to reproduce the maximum mass of the hyperon star. This proceeding is organised as follows : in Sec. II, I give a short formalism of RMF model and various equations to calculate energy density and pressure density, which constitute the equation of state. Tall-Mann Oppenheimer Volkoff equation used to calculate mass and radius of a hyperon star. Sec. III, is devoted to discuss the results. In Sec. IV, a summary of the results is given.
Theoretical formalism
Relativistic mean filed model provides a smooth road to go from finite nuclear system to neutron star system, which has an extreme dense and high isospin asymmetry environment. Now-a-days RMF model is used to study various properties of the neutron and hyperon star. Starting point of the RMF model is an effective Lagrangian. For the present calculation, I use an effective Lagrangian which contains non-linear interactions of σ and ω-meson and cross-coupling of various effective mesons [26, 34, 28, 35] ,
where ω µν and R µν are field tensors for the ω and ρ fields respectively and are defined as ω µν = ∂ µ ω ν − ∂ ν ω µ and
The symbols are carrying their usual meanings. σ, ω and ρ-meson are exchanged between the nucleons, while φ 0 being a strange meson it is exchanged between the hyperons only. The coupling constants of nucleon-meson interactions are fitted to reproduce the desired nuclear matter saturation properties and finite nuclear properties, like charge radius, binding energy, and monopole excitation energy of a set of spherical nuclei. The nature of the interaction depends on the quantum numbers and masses of the intermediate mesons. 
Equation for the φ 0 -meson is similar to the ω-meson except the coupling constants. We use the expression,
to calculate the hyperon potential depth. Y stands for the different hyperons ( Λ, Σ, Ξ ). x σY and x ωY are the coupling constants of the hyperon-meson interactions and ρ 0 is the saturation density. We choose [48] , and U Ξ (N) = −28 MeV [30] . The hyperon-meson coupling constants x σY and x ωY are fitted in a such a way that hyperon potential depth for various hyperons can be reproduced. We can vary the x σY and x ωY for different combinations to get the depth of the hyperon potentials. The hyperon interaction strengths with ρ-mesons are fitted according to the SU(6) symmetry [49] , x Λρ = 0, x Σρ = 2, x Ξρ =1. The interaction strengths of the hyperons with φ 0 -meson are given by
These equations form a set of self-consistent equations, which can be solved by iterative method to find various meson fields and densities. Using energy-momentum tensor, the total energy and pressure density can be written,
and
where, l stands for the leptons like electron and muon. Variation of total energy and pressure density with baryon density known as the equation of state of the nuclear matter. Putting β-equilibrium and charge neutrality conditions, it can be converted to the star matter equation of state. These equation of states are the inputs of the Tolman-OppenheimerVolkoff (TOV) [43, 44] equation, which is given by
where m(r) is the enclosed gravitational mass, P is the pressure, E is the total energy density and r is the radial variable. These two coupled hydro-static equations are solved to get the mass and radius of the neutron star at a certain central density. Different central density gives different combination of mass and radius and one particular choice of central density gives maximum mass of the neutron star for a given EOS. 
Results and discussions
In the present proceeding, I use 22 parameter sets of the RMF model to calculate the properties of the hyperon star. These parameter sets are divided into five groups according to the nature of the nucleon-nucleon interaction. The parameter sets belong to a same group are only different from each other by the value of the coupling constants and saturation properties. From example, group I, contain G1 and G2 parameter sets. Both G1 and G2 have a similar type of nucleon-meson interaction and contain the same cross-couplings and self-interactions among mesons. These 22 parameter sets are commonly used in RMF calculations. These parameter sets are differentiated from each other in a wide range of saturation properties like incompressibility (K), symmetry energy (J), saturation binding energy (E/A) and saturation density (ρ 0 ). These saturation properties also cover a wide range of value such as, incompressibility of NL1 is 211. 4 MeV, while that of L1 is 626.3 MeV. Similarly, symmetry energy value ranges from 21.7 MeV (L1) to 43.7 MeV (NL1). These two quantities of nuclear matter affect the EOS of the neutron star in a significant way. The perspective of taking so many parameter sets is that to check the predictive capacity of RMF model with different parameter sets.
Nuclear matter equation of state is considered as one of the most important ingredient for the calculation of neutron star properties. Before the discussion the effects of the φ 0 -meson on the properties of the hyperon star, it is wise to investigate how the φ 0 -meson affects the EOS. In Fig. 1 Fig.2, I show the mass-radius graph with different parameter sets. Three boxes are shown in the figure. The box (a) represents the radius of the canonical star (1.4 M ⊙ ) [45] . From the study of chiral effective model, authors in Ref. [45] suggested that the radius of the canonical star lies in the range 9.7-13.9 km. The figure shows that most of the parameter sets are unable to reproduce the radius of the canonical star (1.4 M ⊙ ) in the above range. Only a few parameter sets lik FSU2, PK1, GL85, Gl97 , SINPA, SINPB, NL3, NL3*, IFSU*, and G2 can give the radius of the canonical star in the above range. But the radius of the canonical star depends on the hyperon-meson coupling constants. For example, if I change the hyperon-meson coupling constants , while keeping fix the different hyperon potential, the radius of the canonical star increases monotonically with hyperon-meson interaction strength. The box (b), shows the star with mass 1.2-2 M ⊙ and radius in the range 10.7-13.5 km. Many parameter sets are able to reproduce the mass and radius in this range. These parameter sets are GL97, GL85, FSU, TM1, PK1, GM1 SINPA, and SINPB. Simillarly, the box (c) indicates the limit of the maximum mass of the neutron star from recent observations. GM1, NL3-II, NL3, NL3*, parameter sets have maximum mass in this recent observation limit, which is 1.93-2.05 M ⊙ . Fig.3 , shows the variation of radius of the canonical star (1.4 M ⊙ ) with hyperon-meson coupling constants. For the quantitative check, x σΛ changed from 0.5 to 0.7 as result the radius changed from 10.0278 km to 11.275 km. The radius of the canonical star changes to 13% by changing the hyperon-meson coupling constant to 0.2. While changing the x σΛ values, we also keep changing the value of x ωΛ to fix the value of the U Λ at -30 MeV. In the similar way, I take care the hyperon-meson coupling constants for other hyperons. I keep the potential of U Λ , and U Σ and U Ξ , while changing the x σY and x ωY . Fig.4 , shows the effect of the φ 0 -meson on the hyperon production with G2 parameter set. The solid lines represent the hyperon production with φ 0 -meson contribution, while the dotted line without φ 0 -meson. This graph shows that φ 0 -meson shifts the threshold density (density at which different hyperons are produced) to higher density. For example, without the contribution of the φ 0 -meson the Ξ produces at a density 0.3989 fm −3 , but the addition of φ 0 -meson shifts the threshold density to 0.461 fm −3 . Similarly, Σ + hyperon's threshold density shifts from 0.914 fm −3 to 1.038 fm −3 . The threshold density of the Λ-hyperon does not shift by a significant amount. In the table 1, the maximum mass, the corresponding radius, compactness, and the central density at which maximum mass occurs for the hyperon star are given with different parameter sets. Results are given for the neutron star, hyperon star with σ-ω-ρ-model and hyperon star with σ-ω-ρ-φ 0 -model. We conclude from the table 1, for all the parameter sets the maximum masses 
for all the parameter sets. The data shows by adding the φ 0 -meson the compactness of the hyperon star increases, this is mainly due to the increse of the maximum mass with the inclusion of φ 0 -meson. The central density (E c ) at which the maximum mass occurs, also follows a common pattern for all the parameter sets i.e.
Summary and Conclusions
In summary, I study the properties of the hyperon stars with the various parameter sets of RMF model. The predictive capacity of the various parameter sets to reproduce the canonical mass-radius relationship are discussed with hyperonic degrees of freedom. Out of 22 parameter sets only few parameter sets like FSU2, PK1, GL85, Gl97 , SINPA, SINPB, NL3, NL3*, IFSU*, and G2 can able to reproduce the radius of the canonical star (1.4 M ⊙ ) in the range 9.7 km to 13.9 km. But radius of 1.4 M ⊙ star depends on the strongly on the hyperon-meson couplings. The radius of a canonical star increases monotonically with hyperon-meson interaction in-spite of a fixed hyperon potential depth. The radius of a canonical star change by 13% with a small change of 0.2 of the hyperon-meson coupling constants. This shows not only the depth of the hyperon potential but also the range of the hyperon-meson coupling constants are improtant. More hyper-nuclei data required to fix the range of the hyperon-hyperon interaction. As the φ 0 is a vector meson, so it gives repulsive interaction among the hyperons and makes the EOS comparatively stiff The stiff EOS increases the maximum mass of the hyperon star. The compactness of the hyperon star increases with inclusion of the φ 0 -meson. The φ 0 -meson push the threshold density of hyperon production to higher density. GROUP I
